Net estrogen sensitivity in target tissues critically depends on the regulated expression of full-length and alternately processed estrogen receptor (ER) isoforms. However, the molecular mechanisms for the control of pituitary responsiveness to estrogen remain partially unknown. In the present communication, we report the ability of different ligands, with distinct agonistic or antagonistic properties at the ER, to modulate the expression of the transcripts encoding ER␣ and ER␤ isoforms, as well as those for the truncated ER␣ product (TERP), and the variant ER␤2, in pituitaries from ovariectomized rats, i.e., a background devoid of endogenous estrogen. Compared with expression levels at the morning of proestrus, ovariectomy (OVX) resulted in increased pituitary expression of ER␤ and ER␤2 mRNAs, whereas it decreased TERP-1 and -2 levels without affecting those of ER␣. Administration of estradiol benzoate (as potent agonist for ␣ and ␤ forms of ER) or the selective ER␣ agonist, propyl pyrazole triol, fully reversed the responses to OVX, while the ER␤ ligand, diarylpropionitrile, failed to induce any significant effect except for a partial stimulation of TERP-1 and -2 mRNA expression levels. To note, the ER␤ agonist was also ineffective in altering pituitary expression of progesterone receptor-B mRNA, i.e., a major estrogen-responsive target. In all parameters tested, tamoxifen, a selective ER modulator with mixed agonist/antagonist activity, behaved as ER␣ agonist, although the magnitude of tamoxifen effects was significantly lower than those of the ER␣ ligand, except for TERP induction. In contrast, the pure antiestrogen RU-58668 did not modify the expression of any of the targets under analysis. Overall, our results indicate that endogenous estrogen differentially regulates pituitary expression of the mRNAs encoding several ER isoforms with distinct functional properties, by a mechanism that is mostly conducted through ER␣. Differential regulation of ER isoforms may represent a relevant system for the self-tuning of estrogen responsiveness in female pituitary.
INTRODUCTION
Estrogen plays a pivotal role in the regulation of development and function of female rat pituitary. Among others, estrogen is a key element in the control of pituitary repro- ductive hormones, such as luteinizing hormone (LH), follicle-stimulating hormone (FSH), and prolactin (PRL), thus it is essential for the normal function of the reproductive axis [1] . The biological actions of estrogen are mostly conveyed through interaction with nuclear estrogen receptors (ER). Two different subtypes of ER, encoded by different genes, have been identified so far: the classical ER␣ and the more recently cloned ER␤ [2, 3] . These are ligandactivated transcriptional factors with a common functional organization containing a central DNA-binding domain, a C-terminal ligand-binding domain (LBD), and two transcriptional activation domains (AF1 and AF2). To note, the ␣ and ␤ forms of ER possess different functional properties and show distinct patterns of gene regulation [4] [5] [6] [7] . In fact, expression of ER␣ and ER␤ has been demonstrated in different pituitary cell types, including lactotrophs and gonadotrophs [6] . Thus, the diversity of biological actions of estrogen at the pituitary level may derive, at least partially, from the balance of expression of ␣ and ␤ ER subtypes in those pituitary cell types. Yet, the specific contribution of ER␣ and ER␤ to the control of female pituitary function has remained elusive so far.
Interestingly, multiple mRNA variants of ER␣ and ER␤ have been detected in normal tissues and tumor cells (for a review, see [8] ). The physiological role of the resulting ER protein isoforms in signaling the biological actions of estrogen is not fully elucidated, but the functional properties of some of these ER variants have been characterized. Among them, a tissue-specific ER␣ variant, termed truncated ER product-1 (TERP-1), has been identified in rat pituitary [8] [9] [10] . This form is composed of a unique 5Ј-end, 31-base pair (bp) sequence fused to exons 5-8 of ER␣. In addition, lower expression of a TERP-2 variant, similar to TERP-1 except for a 66-bp insertion in front of the ER␣ common sequence, has been reported [9] . From a functional standpoint, TERP-1 is devoid of independent signaling capacity but it is able to modulate the trans-activating activity of ER␣ and ER␤ [8] . Thus, TERP expression relative to ER␣ and ER␤ levels may modulate estrogen-regulated transcriptional responses at the pituitary level. To note, the putative function of TERP-2 remains unexplored. Similarly, several ER␤ variants with altered biological properties have been described in rat and human tissues [8] . The most abundant ER␤ variant, termed ER␤2, contains an in-frame 54-bp insertion in the LBD coding region and is expressed in rat pituitary at relative levels similar to those of the functional ER␤ [11] . Accordingly, ER␤2 can bind ligands with much lower affinity than ␣ and ␤ forms of ER. However, as is the case for TERP-1, ER␤2 can competitively inhibit estrogen-dependent transcriptional activation through ER␣ and ER␤ [8] .
In the above scenario, it is evident that net estrogen sensitivity in the pituitary critically depends on the balanced expression of several ER subtypes and isoforms with distinct functional properties. Previous evidence indicated that estrogen may participate in the self-regulation of its signaling pathway through modulation of expression of its own receptors [8, [12] [13] [14] [15] . However, little is known on the relative contribution of ER␣ and ER␤ to such a phenomenon. This has been recently approached by the use of knockout mouse models, where either the ␣ or ␤ form of ER is selectively eliminated throughout development (for examples, see [16, 17] ). These models are tremendously instrumental but have some physiological limitations, related to potential developmental defects and activation of compensatory mechanisms in the absence of one receptor, that partially hamper interpretation of results. As a complementary approach, novel ER isoform-selective ligands have been recently developed [18, 19] , thus allowing specific activation of one ER subtype, in the physiological presence of the other subtype and ER variants [20, 21] . This is especially relevant for the ER pathway, given the proposed role of several ER isoforms, including ER␤, as regulators of ER␣ signaling in target tissues.
In addition to pure ER subtype-selective agonists, a number of selective ER modulators (SERMs) have been developed. These are synthetic molecules with mixed agonist/antagonist properties at the ER, depending on the cell type and the biological response considered [22] . Besides obvious pharmacological applications, SERMs may be useful experimental tools to dissect out estrogen-dependent phenomena in several neuroendocrine systems [23] [24] [25] . Tamoxifen, the first compound identified with SERM activity, displays the widest spectrum of mixed agonist/antagonist activity at the pituitary level, as it acts as an estrogen antagonist on LH secretion but as an estrogen agonist on PRL secretion and GnRH self-priming [24, 25] . However, the effects of tamoxifen on regulation of ER subtype expression at the pituitary level remain unexplored.
To expand our knowledge on the molecular mechanisms responsible for the homologous regulation of pituitary responsiveness to estrogen, in the present study, we evaluated the ability of different ligands, with distinct agonistic or antagonistic properties at the ER, to modulate the expression of the transcripts encoding ER␣, TERP, ER␤, and ER␤2 in female rat pituitary. In detail, the effects of estradiol benzoate (as a potent agonist for ␣ and ␤ forms of ER); the selective ER␣ agonist, propyl pyrazole triol (PPT); the ER␤ agonist, diarylpropionitrile (DPN); the SERM tamoxifen; and the pure antiestrogen RU-58668 were tested in ovariectomized rats, i.e., a background devoid of endogenous estrogen.
MATERIALS AND METHODS

Animals
Adult virgin female Wistar rats, weighing 200 Ϯ 10 g, were used. Animals were housed under constant conditions of light (14L:10D, with lights-on at 0700 h) and temperature (22ЊC), with free access to pelleted food and tap water. Estrous cyclicity was monitored by daily vaginal cytology; only rats with at least two consecutive 4-day estrous cycles were used in the studies. Experimental procedures were approved by the Ethical Committee for animal experimentation of the University of Córdoba and were conducted in accordance with the European Union norm for care and use of experimental animals. Bilateral ovariectomy (OVX) was performed under ether anesthesia at random stages of the estrous cycle.
Treatments
Testing of the effects of different ligands of ER, with distinct agonist/ antagonist properties, was conducted in two separate experiments using gonadectomized females, 2 weeks after OVX. In the first setting, rats (n ϭ 5 per group) were daily injected (s.c.) for 3 days with 0.2 ml olive oil (used as vehicle), 25 g of the synthetic estrogen estradiol benzoate (EB; Sigma Chemical Co., St Louis, MO), 1.5 mg of the selective ER␣ agonist, PPT (Tocris Cookson Ltd., Avonmouth, UK), 1.5 mg of the selective ER␤ ligand, DPN (Tocris), or PPT ϩ DPN. In the second experiment, 2-wk OVX rats (n ϭ 5 per group) were treated (s.c.) for 3 days with 0.2 ml olive oil, 25 g EB, 3 mg of the SERM tamoxifen (TX; Sigma), or 0.5 mg of the pure antiestrogen RU58668 (Roussel-Uclaf, Romainville, France). Experimental protocols and doses for the different ER ligands were selected based on previous references, including data from our group [20, 21, 24, 25] . At 1000 h on the day after completion of treatments, the animals were killed by decapitation and pituitaries were immediately collected, frozen in liquid nitrogen, and stored at Ϫ80ЊC until use for RNA analyses. In addition, trunk blood samples were obtained for PRL determination, and the presence of intraluminal fluid accumulation at the uterus (uterine ballooning) and cornified cells in the vaginal smears were recorded. Pituitaries from female rats in proestrus were simultaneously sampled to serve as controls with elevated endogenous estrogen levels.
RNA Analysis by Final-Time Reverse TranscriptionPolymerase Chain Reaction
Total RNA was isolated from pituitary samples of the different experimental groups using the single-step, acid guanidinium thiocyanate-phenol-chloroform extraction method [26] . The expression levels of the transcripts encoding ER␣, TERP-1, TERP-2, ER␤, ER␤2, and progesterone receptor (PR) B isoform were assessed by final-time reverse transcriptionpolymerase chain reaction (RT-PCR), optimized for semiquantitative detection. Such a method is especially useful for highly sensitive detection and discrimination between alternatively spliced species (e.g., ER␣ vs. TERP and ER␤ vs. ER␤2). For amplification of the targets, the primer pairs indicated in Table 1 were used. These sets of primers were designed to span over intronic DNA sequences and were selected based on previous references [6, 11, 15, 27] . To note, assessment of ER␣ mRNA levels was conducted using a specific primer pair that does not allow amplification of TERP messages, while analysis of TERP-1 expression was carried out using a primer pair where the sense primer is located in position nt-11-31 of the specific TERP-1 sequence, thus allowing discrimination from the full-length ER␣. This primer pair also enables amplification of the TERP-2 variant. Similarly, ER␤2 mRNA expression was assessed using a sense primer specific for the 54-bp insert of this isoform. Finally, analysis of PR-B mRNA levels was performed using a primer combination that enables amplification of a 221-bp fragment from the PR unique to the functional B isoform. In addition, as internal control for reverse transcription and reaction efficiency, amplification of a 290-bp fragment of L19 ribosomal protein (RP-L19) mRNA was carried out in parallel in each sample, using the primer pair and conditions indicated in Table 1 , as described elsewhere [14, 15, 25] .
For amplification of the targets, RT and PCR were run in two separate steps. In addition, to enable appropriate amplification in the exponential phase for each target, PCR amplification of specific signals and L19 ribosomal protein transcripts were carried out in separate reactions with different numbers of cycles but using similar amounts of the corresponding cDNA templates, generated in single RT reactions, as previously described [14, 15, 25] . PCR reactions consisted of a first denaturing cycle at 97ЊC for 5 min, followed by a variable number of cycles of amplification defined by denaturation at 96ЊC for 30 sec, annealing for 30 sec, and extension at 72ЊC for 1 min. A final extension cycle of 72ЊC for 15 min was included. Annealing temperature was adjusted for each target: 58ЊC for ER␣, ER␤, and ER␤2; 57ЊC for TERP; and 56ЊC for PR-B and RP-L19. Optimal PCR conditions were defined for each target to allow amplification in the exponential phase and semiquantitative comparison between groups (see Results).
PCR-generated DNA fragments were resolved in Tris-borate buffered 1.5% agarose gels and visualized by ethidium bromide staining. Specificity of PCR products was confirmed by direct sequencing (Central Sequencing Service, University of Córdoba, Spain). In all assays, liquid controls and reactions without RT were included that yielded negative amplification, thus ruling out the possibility of spurious amplification of the signals. Quantification of intensity of RT-PCR signals was carried out by densitometric scanning using an image analysis system (1-D Manager; TDI Ltd., Madrid, Spain). The values for the specific targets were normalized to those of internal RP-L19 controls to express arbitrary units of relative abundance of the transcripts.
RNA Analysis by Real-Time RT-PCR
To verify changes in gene expression observed with final-time RT-PCR, real-time RT-PCR was performed with the same experimental samples using the iCycler iQ Real-Time PCR detection system (Bio-Rad Lab- oratories, Hercules, CA). Reverse transcription of total RNA was conducted as described in detail elsewhere [14] . The synthesized cDNAs were further amplified (1:10) in triplicate by PCR using SYBR green I as fluorescent dye and 1ϫ iQ Supermix containing 50 mM KCl, 20 mM TrisHCl, 0.2 mM dNTPs, 3 mM MgCl 2 , and 2.5 U iTaq DNA polymerase (Bio-Rad) in a final volume of 25 l. The PCR cycling conditions were as follows: initial denaturation and enzyme activation at 95ЊC for 5 min, followed by 40 cycles of denaturation at 95ЊC for 15 sec, annealing for 15 sec, and extension at 72ЊC for 1 min. Specific annealing temperatures were selected for each target as described above. Product purity was confirmed by dissociation curves and random agarose gel electrophoresis. No template controls were included in all assays, yielding no consistent amplification. Calculation of relative expression levels of each target was conducted based on the cycle threshold (C T ) method [28] . The C T for each sample was calculated using the iCycler iQ Real-Time PCR detection system software with an automatic fluorescence threshold (R n ) setting. Efficiency of PCR reactions was assessed for each target by amplification of serial dilutions (over five orders of magnitude) of cDNA fragments of the transcripts under analysis. Depending on specific PCR conditions, efficiencies ranged from 90% to 120%. Accordingly, fold expression over OVX values were calculated for each target by the equation , where ⌬C T is de-Ϫ⌬⌬C T 2 termined by subtracting the corresponding RP-L19 C T value (internal control) from the specific C T of each target and experimental condition, and ⌬⌬C T is obtained by subtracting the ⌬C T of each experimental sample from that of the OVX sample (taken as reference value 100). Note that no significant differences in C T values were observed for RP-L19 between the treatment groups.
PRL Measurement by RIA
Serum PRL levels in the experimental groups were measured in duplicate by RIA using a double-antibody method with a kit supplied by the National Institutes of Health (Bethesda, MD) and a previously described microassay method [25] . Rat PRL-I-6 was labeled with 125 I by the chloramine T method and serum PRL concentrations were expressed as nanograms/milliliter of the reference preparation PRL-rat-RP-3. Intraassay coefficient of variation was 9%, and assay sensitivity was 10 pg/tube. All samples from the different experimental groups were measured in the same assay.
Presentation of Data and Statistics
Final-time and real-time RT-PCR analyses were carried out in duplicate from at least four independent RNA samples of each experimental group. Statistical analysis of semiquantitative data from final-time RT-PCR assays was conducted after normalization of absolute optical densities of the specific targets to that of RP-L19 signals. In addition, statistical analysis of data from real-time RT-PCR assays was performed upon relative levels of expression obtained using the C T method (see above). Expression levels in 2-wk OVX females were taken as 100% and the other values were normalized accordingly. Semiquantitative RNA data from real-time RT-PCR assays are presented as mean Ϯ SEM. Results were analyzed for statistically significant differences using ANOVA, followed by StudentNewman-Keuls multiple range test (SigmaStat 2.0 software; Jandel Corporation, San Rafael, CA). P Յ 0.01 was considered significant.
RESULTS
Pituitary ER-Isoform mRNA Expression: Final-Time RT-PCR Analysis
Expression analyses of target mRNAs were initially conducted in pituitary samples using final-time RT-PCR. Optimization of assays for semiquantitative analysis was carried out for each target by testing different numbers of PCR cycles that were correlated with the intensity of the amplicons. Such a procedure revealed a linear relationship for amplification between cycles 22-36 for ER␣ and TERP, cycles 26-38 for ER␤ and ER␤2, cycles 20-32 for PR-B, and cycles 20-30 for RP-L19, with correlation coefficients r 2 Ն 0.98 for all targets. Linearity of amplification for such cycle conditions was further confirmed by real-time PCR assays (see below). Accordingly, and considering previously published protocols [14, 15, 25, 27] , 30 (ER␣ and TERP), 33 (ER␤ and ER␤2), 28 (PR-B), and 24 (RP-L19) PCR cycles were chosen for further analysis.
In the first setting, the effects of in vivo administration of estradiol benzoate, the selective ER␣ ligand, PPT, the potency-selective agonist of ER␤, DPN, and the combined administration of PPT ϩ DPN were assessed on an OVX background. Taking proestrous values as controls, OVX resulted in a significant increase (P Յ 0.01) in pituitary expression of ER␤ and ER␤2 mRNAs, whereas it decreased TERP-1 and TERP-2 levels without affecting those of ER␣. As anticipated for a well-known estrogen-responsive gene [27] , PR-B mRNA expression was significantly decreased (P Յ 0.01) after OVX. In this model, administration of 25 g EB fully reversed the responses to OVX in terms of TERP, ER␤, and PR-B expression. Similarly, in vivo treatment with 1.5 mg PPT significantly enhanced (P Յ 0.01) pituitary expression of TERP-1, TERP-2, and PR-B mRNAs, while it decreased the relative mRNA levels of ER␤ and ER␤2 transcripts. The effects of PPT were similar in magnitude to those of EB administration. In contrast, DPN failed to induce any significant effect except for a partial stimulation of TERP-1 and TERP-2 mRNA expression levels, which was statistically significant (P Յ 0.01). Note that the ER␤ agonist was also ineffective in altering pituitary expression of PR-B mRNA. Finally, coadministration of PTT and DPN in vivo resulted in changes in FIG. 1 . Expression of ER␣, TERP-1 and -2, ER␤, ER␤2, and PR-B mRNAs in pituitaries from 2-wk OVX rats treated with estradiol benzoate (EB), the ER␣-selective ligand PPT, the potency-selective ER␤ agonist DPN, or combination of PPT ϩ DPN. Pituitary mRNA levels of the targets in 2-wk OVX rats and control females at the morning of proestrus (P1000) are also presented. Representative RT-PCR assays of the expression levels of ER isoform and PR-B mRNAs in the different experimental groups are shown. In each gel, representative -RT negative controls (from OVX RNA samples) are presented (-). Parallel amplification of RP-L19 served as internal control. Assays from two independent RNA samples per experimental group are presented. mRNA expression over OVX values that were statistically similar to those induced by EB or PPT alone (Fig. 1) .
In addition, the actions of EB, the selective ER modulator TX, or the pure antiestrogen RU-58668 were monitored in an independent setting. In this experiment, OVX and EB treatment resulted in changes in pituitary expression levels of TERP, ER␤, ER␤2, and PR-B targets similar to those observed in the first setting. In all parameters assayed, TX behaved as ER␣ agonist, although the magnitude of responses to TX was significantly lower (P Յ 0.01) than those of PPT, except for induction of TERP-1 and TERP-2 mRNA expression. In contrast, the pure antiestrogen did not modify the expression levels of any of the targets under analysis in pituitaries from OVX rats (Fig. 2) .
Pituitary ER-Isoform mRNA Expression: Real-Time RT-PCR Analysis
To verify changes in gene expression observed by finaltime RT-PCR, real-time RT-PCR was performed in the same experimental groups. Relative levels of expression of the targets were calculated using the C T method, and comparative analyses between groups were conducted considering OVX data as reference values. Real-time PCR analyses fully confirmed our initial final-time RT-PCR data. Thus, EB and PPT completely reversed the responses to OVX, while DPN did not induce any significant effect except for partial stimulation of TERP levels (P Յ 0.01). The effects of coadministration of PTT and DPN were statistically similar to those induced by EB or PPT alone. The SERM TX induced responses similar to EB and PPT, although to a lower potency except for TERP levels, while the pure antiestrogen RU-58668 did not modify the expression of any of the targets (Table 2) . A compilation of relative expression levels of ER␣, TERP-1, TERP-2, ER␤, ER␤2, and PR-B mRNAs in the different experimental groups, calculated using the C T method [28] , is provided in Figure 3 .
Effects of ER Ligands on Vaginal Cornification, Uterine Ballooning, and Serum PRL Levels
The effects of the different ER ligands were also tested and recorded on the day of sampling (Table 3) in terms of induction of vaginal cornification and intraluminal fluid accumulation at the uterus (uterine ballooning), as well as PRL responses, which were assayed in trunk blood samples. Vaginal smears from females in the morning of proestrus (P1000) displayed typical proestrous epithelial nucleated cells. Two-week OVX rats displayed vaginal smears infiltrated by leukocytes and did not show uterine ballooning. In contrast, OVX rats injected with EB, PPT, or PPT ϩ DPN had abundant estrous cornified cells in vagina and intense proestrous-like uterine ballooning. These responses were absent in OVX rats treated either with DPN or the antiestrogen RU-58668, whereas injection of TX induced vaginal cornification but failed to cause uterine ballooning. In OVX rats, serum PRL levels were significantly decreased from control proestrous values, while treatment with EB, PPT, PPT ϩ DPN, and, to a lesser extent, TX significantly enhanced serum PRL concentrations (P Յ 0.01). In contrast, PRL levels remained unaltered in OVX rats treated with DPN or RU-58668.
DISCUSSION
Our current data provide a comprehensive overview of the changes in mRNA expression levels of the major ER subtypes and variants in female rat pituitary following endogenous estrogen withdrawal (OVX) and supplementation with a potent synthetic estrogen. Solid evidence had previously demonstrated that ER␣ is the major signal transducing ER form at the pituitary [8, 18, 19] . However, dramatic changes in circulating estrogen levels (i.e., OVX vs. OVX ϩ EB) did not result in concomitant changes in ER␣ mRNA expression, in line with previous reports [8, 13] . In contrast, clear-cut opposite changes were detected for TERP-1 and TERP-2 mRNA levels, that were decreased by OVX and upregulated by estrogen, and ER␤ and ER␤2 transcripts, that were elevated by OVX and downregulated by estrogen. Aiming at dissecting out the contribution of ␣ and ␤ forms of ER in such regulatory responses, we used a pharmacological approach based on two recently developed ER subtype-selective ligands: the potent ER␣ agonist, PPT, and the ER␤-ligand, DPN. To note, PPT displays 400-fold higher affinity binding for ER␣ and it is virtually unable to activate ER␤ [16] . In contrast, DPN is a potency-selective agonist for ER␤, with 70-fold higher binding affinity for ER␤ and FIG. 2 . Expression of ER␣, TERP-1 and -2, ER␤, ER␤2, and PR-B mRNAs in pituitaries from 2-wk OVX rats treated with estradiol benzoate (EB), the selective ER modulator tamoxifen (TX), or the pure antiestrogen RU-58668 (aE). Pituitary mRNA levels of the targets in 2-wk OVX rats and control females at the morning of proestrus (P1000) are also presented. Representative RT-PCR assays of the expression levels of ER isoform and PR-B mRNAs in the different experimental groups are shown. In each gel, representative -RT negative controls (from OVX RNA samples) are presented (-). Parallel amplification of RP-L19 served as internal control. Assays from two independent RNA samples per experimental group are presented. over 170-fold higher biopotency at ER␤ than at ER␣ [17] . By using such ER-selective ligands, the above estrogen responses were mostly attributed to ER␣ activation, as PTT, but not DPN, was able to completely mimic the effects of the synthetic estrogen EB. Moreover, comodulatory effects of ER␤ on ER␣-mediated effects were not observed in our experimental settings, as coadministration of DPN failed to alter any of the responses of PPT alone.
Although the above data may suggest a negligible role of ER␤ signaling in adult female pituitary, our results also show that activation of ER␤ via the potency-selective ligand DPN * Mean C T values were calculated for each target using an automatic baseline (R n ) setting; values are the mean Ϯ SEM of at least four independent determinations. a Indicates significant differences from corresponding OVX group (P Յ 0.01). b Indicates significant differences from the corresponding OVX ϩ EB group (P Յ 0.01; ANOVA followed by Student-Newman-Keuls multiple range test). * Values are expressed as the mean Ϯ SEM of five determinations per group. a Indicates significant differences from corresponding OVX group (P Ͻ 0.01). b Indicates significant differences from corresponding OVX ϩ EB group (P Յ 0.01; ANOVA followed by Student-Newman-Keuls multiple range test).
induced a clear-cut significant elevation in TERP-1 and TERP-2 mRNA levels over OVX values. These truncated ER variants are predominantly expressed in lactotrophs, a pituitary cell type that expresses ER␤ also [6] . However, a recent study using ER␣ and ER␤ knockout mouse models indicated that estrogen induction of TERP expression is solely conducted via ER␣ [19] . A tentative explanation for such apparently conflictive results is that, in our experiments, DPN might be inducing a marginal activation of ER␣, thus resulting in increased TERP mRNA levels. This possibility, however, appears extremely unlikely as, at the dose used, DPN failed to elicit any typical ER␣-mediated effect in terms of vaginal cornification, uterotropic response, and PRL secretion (see Table 3 ). Moreover, DPN was unable to increase the expression of a major estrogen-responsive target at the pituitary [27] , namely PR-B (see Fig. 3 ). Indeed, DPN biopotency at the ER␤ is over 170-fold higher than at ER␣ [21] , whereas DPN induction of TERP mRNA levels was as high as 25%-40% of that of PPT. Taken together, these facts cast doubts on the possibility that DPN might induce TERP expression via ER␣, and support a specific physiological role of ER␤ in signaling some of the pituitary actions of estrogen.
In contrast with ER␣ variants, hormonal regulation of ER␤ isoform expression at the pituitary remains poorly characterized. Our results indicate that pituitary ER␤2 mRNA levels are finely regulated by estrogen, as OVX increases and estrogen replacement decreases ER␤2 mRNA expression; a profile that is strikingly similar to that of ER␤ mRNA levels. To note, estrogen inhibition of ER␤ and ER␤2 expression is conveyed through activation of ER␣, but not ER␤. Overall, concomitant changes in expression of both ER␤ isoforms following manipulation of endogenous estrogen tone strongly suggest a cooperative role of these variants in signaling/modulating estrogen actions at the pituitary. Noteworthy, not only ER␤2, but also ER␤, has been reported to inhibit ER␣ signaling in different target tissues [29, 30] . A similar pattern of regulation of ER␤ and ER␤2 mRNAs by estrogen has been very recently reported in rat uterus [31] .
Cumulatively, our data on the regulation of ER isoform expression by estrogen and ER-subtype-selective ligands suggest that estrogen is likely able to self-modulate its own pituitary responsiveness mostly, but not exclusively, through activation of ER␣. Although estrogen has been shown to repress ER␣ at the protein level [8] , our present results demonstrate, however, that these regulatory effects, at the mRNA level, are not conducted by changes at the ER␣, but instead through modulation of the relative levels of expression of TERP-1, TERP-2, ER␤, and ER␤2 transcripts. This appears to be the case in some physiological situations, as reported very recently for pregnancy and lactation [32] . Overall, it is tempting to postulate that, depending on the pituitary cell type, interaction of ER␣ protein with its own ligands not only activates signaling but also turns on different mechanisms for the fine tuning of pituitary responsiveness to estrogen. These would include repression of inhibitory ER␤ forms, which may be essential for the full expression of estrogen effects at the ER␣, as well as induction of dominant negative isoforms, as TERP-1, which may participate in the auto-limitation of estrogen effects. In addition, although activation of ER␤ failed to modify its own expression levels, it did induce a significant stimulation of TERP-1 and TERP-2 mRNA levels. This may constitute an additional, novel mechanism whereby ER␤ is able to repress ER␣ signaling activity at the pituitary. The molecular mechanisms for such a regulatory cross-talk between ER␣ and ER␤ isoforms remain to be elucidated.
Besides analysis of the effects of ER-subtype-selective ligands, we evaluated the ability of TX to regulate mRNA expression levels of different ER variants. Our current data indicate that, in terms of regulation of ER-isoform expression, TX behaves as an ER␣-selective ligand, as TX elevated TERP-1, TERP-2, and PR-B mRNA levels and decreased ER␤ and ER␤2 mRNA expression; responses that are similar to those elicited by the ER␣ agonist PPT, albeit to a lower magnitude. These results extend our previous findings indicating that, at the pituitary, TX carries out a combined action with antagonistic effects on LH secretion and agonistic actions on PRL release, GnRH self-priming, and ER isoform mRNA regulation [24, 25 , and present results]. Further demonstration of the specificity of the agonistic effects of TX comes from the fact that the pure estrogen antagonist RU-58668 failed to induce any significant change in pituitary levels of TERP-1, TERP-2, ER␤, ER␤2, and PR-B mRNAs.
In conclusion, the results presented herein indicate that endogenous estrogen differentially regulates pituitary expression of the mRNAs encoding several ER isoforms with distinct functional properties, including TERP-1, TERP-2, ER␤, and ER␤2, through a mechanism that is mostly conducted through ER␣. In addition, ER␤-mediated induction of TERP-1 and -2 mRNA expression might contribute also to the modulation of pituitary sensitivity to estrogen. Overall, differential regulation of ER isoforms by different receptor ligands may represent a pivotal system for the selftuning of estrogen responsiveness in female pituitary.
